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Time required per deterninstion: 30 ninutes. Eg

Systenntic error: Dependent upon the calidration of the Babeock Sulfonn-
tion Flask. (Specified less than + 1%).
Precision (99% limits): Better than +1%.

Serple size: 10 ml.

2. Ferrous Sulforote--Volunetric Deterninntion as Ferrous Iron and
Sulfanic Acid.

Application: Aquecus ferrous sulfsmote comcentrotion in the range of

10 to 800 g./1. may be determined by this method (e.g., RAS Make-up,

Sulfonmic Acid Storage).

Degcription: Ferrous iron ond sulfanic acid are deternined stepwise.
The concentration of ferrous iron is first obtained volunetrically by &
potentiometric titration with stendard Potassiun permengennte. The
Permanganate titrotion is stopped as scon as the potentiometer indicates
that the ferrous iom hns all been oxidized., The sulfamic acid concentra=-
tion of the semple is then determined (after heating the somple to 50°C.)
by titrating with stondard sodium nitrote until the sulfarate ion haos
been converted.to sulfate. Since ferric iron subdues the potentiometric
end-point of the permmngenate titration ond conpletely obscures the
niv-ite end point, it oust be comuplexed as it is formed by the addition
of’ phosphoric acid to the sample prior to titration. ‘

Tine required per determinotion: 60 ninutes (30 minutes for ferrous iron,
and an additional 30 minutes for sulfamnte).

Systematic error: Ferrous iron--Apmroximately ninus 10%.
Sulferiic acid--Approximntely minus 3%.

Precision (99% limits: Ferrous iron--Better than + 49,
Sulfomic acid--Better thon + 6%.

Sacple size: Sample should contain from 5 to 10 milligrans of ferrous
sulfemnte (e.g., approximately 0.5 ml. of RAS}).

3. Hydrogen Ion by Fluoride Complexing

Application: The hydrogen ion concentration of agueous and organic
solutions (greater than 0.1 g./1.) moy be obtained by this method. Since

the determination has proven satisfactory for socll sample volumes, it hag
been selected for use on radicactive solutions such as RAW. This nethod,
rather than the potassiun oxelote method, rother thon the potessium oxnlate-
method, is used for solutions containing ferric irom, since flucride forms
a "tighter" irom complex thon the iron-oxalote complex. The uraniunm and
iron interferences anre minimized by the formation of fluoride conplexes
when potassium fluoride is added to the sample. Since chromate is not
complexed, its concentration mmst be known so that o suitable correction
may be made,
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Deseription: The hydrogen ion concentration is determined volumetrically
by 2 potentiometric titration with sodlum hydroxide to an inflection
point in the region of pH 8 to 9. Potassium fluoride. is added to the
semple solutionm prior to titrotion to complex iron and ursnium which
would interfere with the determination.

Tine required per determinstion: d hs minutes.

Systeretic error: Approximately zerc to minus 2% (estimeted).

Precision (99% limits): Appu'oxifateiy" £1 g./1.

Sample size: Method is scoled dowvn for micro determinations. BSanples
as small es 0.010 ml. may be used.

L. BHydrogen Ion by Oxelate Comgle ng

ication: The hydrogen ion concentration of both aqueoua ond organic
solution.s {greater than 0.1 g./1.) mey be determined by this method.

Since the determination requires smell eample volumes, it mey be used on
rodicactive solutions. Uranium interferes with the method and is com-
rlexed by adding potessium oxalate. For solutions such as RAF and RAW
containing appreciable phosphete ion concentrations, the phosphate ion
must be known end a suiltsble correction mande since the hydrogen which 1is
present as HPO, ™ is not titroted. ,

Description: The hydrogen ion concentration is determined by o potentice
netric titration with stondard sodium hydroxide to an iaflection point
in the renge of pH 6 to 7. If uranium is present in the semple, potassi-
um oxalote 1s added. to minimize interference. -Weter is odded to orgonic
somples ond the potentiometric titration is pade on the aguecus phase
contazining the extracted hydrogen iom.

Tims required per deteminatio:_;: Samples containing no interfering ions
- 30 mino
Samples containing interfering lons
- "l's min.

Systemetic error: Approximately zero to minus 2%.

Precision (99% limits): Approximately * 1 g./l. (For samples requir-
ing approx. 0,005 mole NaOH for neutralization.)

Sample size: If the radicactivity of the samples permits, sufficient
semple should be taken to require approximately 0.005 mole of sodlum
hydroxide for neutralization. Samples as small as O.1 ml. may be

used with some (as yet not exactly known) reduction in the precision.

5. Total Nitrate Ion

Application: The total nit.rate ion concentration of all aquecus Uranium
Reccovery Flant solutions may be determined by this method. The result
obtained is occasicnally used to determine the total hydrogen ilon
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(associated and dissociated) concentration by difference when the con-
centrations of the other ions (uranium, sodium, phosphate, and sulfate)
' are known. f _

Description: An excess of sulfuric acid (aprroximately 6 N) is added to
the sample and the more volatile nitric acid formed is distilled under
vacuum (at 0.5 mm. mercury in a boiling water bath) and colilscted in a
coil immersed in a dry-ice slush. The condensate is melted, diluted with
water, end titreted with standard base to the methyl red end point.

Time required per determipation: 30 minutes.

Systematic error: Approximately minue 1%.

e Precision limits): PFor solutions containing approximately 3 to 6 M
i NO3™ better than + 2%.(It is expected that with increased experience
= with the method the precision may be improved to better tham & 0.5%.)
ﬁ:& Sample size: 0.010 to 0.050 ml.

E:E 6. pE Measurement by One-Drop Electrode

Application: The hydrogen ion concentration of small amounts of redie-
active aqueous solutions may be determined by the one-drop electrode.
From the determination, the completeness of neutralizetion of wastes to
be stored in underground ta iks mey be determined.,

Description: The pH is determined potentiometrically by placing about
one drop of sample into the cup-shaped, one-drop electrode of a Model G
Beckmann pH meter. : . ,

Time required per determinstion: 15 minutes.

Systematic error: Dependent upon standerds used to calibrate PH meter.

Precision (99% limits): + 0.05 pH unitsA.

Sample size: One drop (not less thsn 0.075 ml.),

T. Phosphate--Volumetric Method

Application: Since this method requires a small sample volume it is
suiteble for determining the phosphate concentrations of highly redio-
active Uranium Recovery Plant solutions such as RAF and RAW containing
from 2 to 50 g. phosphate/1.

Description: Phosphate ion is Precipitsted as ammonium phospho-molybdate.
from an ammonium nitrate-nitric acid solution. The filtered and washed
Precipitate 1is dissolved in a measured excess of standard sodium hydro-
cxide. The excess sodium hydroxide is titrated with stendard hydro-
chloric acid to a phenolphthalein end point.

e * DECLASSIFIED S



32423940609

- = Roussi P

Time required per determinmation: 30 minutes.

sttematic eyrer: Dependent upon acéuracy -of aténdard aolutidn meke=-up .
Probebly less then 0.1 g./l.

Pregision (99% limits): Estimated to be betwsen + 0.4 end 0.4 g./1.

_ Semple eize: The sample chosen should contain approximately 0.5 to 1.0

milligram of phosphate..
8. Sodium Determined by the ¥Flame Spectro ometer

Application: Aqueous phase sodium concentrations grester than 0.01 g./L.
may be determined by this method. The concentration of the solution must
be fairdy woll established {except Na concentration} for the result
obtained with the sample is compered with stenderd solutions of approxi-
mately the same overall composition.

Description: An agueous solution of sodium selt is etomized and then
introduced at a carefully controlled rate into a flame where it is
ignited giving off the characteristic yellow sodium color. The intens-
ity of light emiseion at a wavelength of 584 millimicrons is neasured
with a spectrophotometer and compered with standard sodium solutions
measured in the seme manner. :

Time required per determinmation: 15 minutes..
Systematic error: Approximately plus 1%.

Precision (99% iimits[: Approximotely % 10%.

Sample size: A sample should contain approxiretely 0.0005 grama of
sodium. '

9. Spectrographic Aaaéz of Uranlum

Applicetion: The concentrations of trace impurities in concentrated
uranium solutions (i.e,, RCU, or Concentrated UNH solution) or in UO3
mey be determined by this method.

Concentrations of impurities in U30g as low as the following may
be detected:

Ag 0.1 p.p.n. Co 100 p.p.m. Mg 10 p.p.m. P 5 piPene
As 5 Cr 10 Mo 5 Fb 5

B 0.2 Cu 20 Mo 20 v e

Be 0.1 K 50 Na 5 Sn 5

Bi 1 i1 5 Ni 10 Zn 100

cd 1

Description: The sanmple is evaporated to dryness, then heated to TOO
10 BBEgc. in the presence of air to convert UNH (or UO3) to U30g. An
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aliguot of the U30g and @ smll anount of pure gallium oxide (two weight
rer cent) are placed in o graphite crater electrode and arced using a
direct-current source. The spectrun of the gases volatilized by the arc
is photographed using a quortz prisn spectograph and the concentrations
of impurities are. estirnted by visunl comparison of the spectrun with
the spectrur: of previously prepered standards. The galliun oxide :
voletilizes during arcing "flushing" volatile impurities from the U308
sanple, B T L

Tine required per determinmtion: Elapsed time -- 8 hours.
S : Operator time -- 2 hours.

Systematic error: Dependent upon accuracy of the standards and the
sensitivity of the pPhotographic plates. Generzlly the systermtic error
is less than the lowest detectable concentration.

Frecision (994 lirits}: At the lower limits indicated above precision of
apmroximately + 10 my be obtained. a4t higher concentrations RS
Precisions of + 100% and minus 50% moy be ettained.

Sample size: For a single spectorgraphic "shot" (a2 determination on
approximately one-third of the spectrun) a minumum of 100 oilligrams of
U3 is needed. For 2 total analysis, duplicote determinntions over the
entire spectrum, & minimm of 600 rilligrams of U308 is required.

10. BSulfzte Ion -- Volunietric Determination

Appiication: Since such a small apount of sulfate is required, this

nethod is used for the deternination of the sulfate concentration of the
highly radicactive aqueous feed (RAF) end aquecus woste solutions (RAW) .

Description: Sulfate present in the sauple is reduced by a nixture of
reducing acids (HT and hypophosphorous acids) and the hydrogen sulfide

Since nitrates interfers with the method they are initially removed
8s nitrogen or volatile nitrogen oxides by adding formic scid and boiling.

Tine reguired per determinction: 30 minutes.

Systermtic error: Aprroximately minus 2%.

Frecision (99% limits): Better than + %,

Sample size: The sanple chosen should contain approxirately one to five

nilligrans of sulfate ion. DECLASSIHED
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11i. Tributyl Phosphate -- Bydrolysis Method ‘

Ami'cation: The concentrotion of tributyl phosphate {plus DBP) soluble
In slightly radicective aqueous solutions. (e.g., RCU, ROW) mey be deter-
nined by this method. Dibutyl phosphate, if present in the aquecus
phese, is onalyzed TBF. : : o -

Description: TBP is quantitatively extracted fron the sanple solution

with corbon tetrachlioride. A stall amount of concentrated sulfuric ncid

1s ndded to the seporated carbon tetrachloride. The CCly is rapidly
boiled off, leaving phosphoric acid (formed by the hydrolysis of TBP) in
the aqueous residue. Next nitric acid and ammoniun persulfate are added
and the solution is heated to boiling to destroy eny organic residus.
Phosphate is precipitated from the solution as ammonjum phospho-molybdote
upon the addition of ommoniun nitrate and molybdate-citrate reagent. The
golution is filtered and the precipitate is washed with neutral KNO4
solution. The precipitate is dissolved (see equation below) with &
measured volume of standard NaOEH and the excess NaCE is beck-titrated
with standerd HCl to 2 phenolphthelein end point.

(NHy)3 P0,°12 MoQ3 + 23 NoOE ——> 11 NaghoOy +
| (NEy)gMoOy, + NGNEYEFO, + 11 EoO
Time required per determimstion: 45 minutes.
Systemotic error: Approximately plus 1%.

Precision (99% limits): % 3 to lig .

Semple size: Dependent upon the TBP concentration in the sample. Sam-
ple sizes should be chosen, if possible, 8o thot the semple contains
aprroximately 5 to 10 milligrems of TBP. For an RCU sample containing
approxirmately 0.2 g.TBF/1., 25 ml. of sample is required. 8ince the
TBP concentration in RAW is expected to be less than 0.0l g.TBP/1. the
method is not applicable for the RAW.

12. Tributyl Phosphate -- Infrared Method

Applicotion: Concentrotions of tributyl phosphate in urenium recovery
process solvent above 4% by volume may be determined by thie method.

The method moy be used to detect variations in the tributyl phosphate
concentrations of the solvent racycled in the plant. Concentrations of
UNH up to 5 g. /1. which may be present in RCU do not appreclably affect
the method. Nitrie acid corrodes the sarple-cell windows and must be re-
moved before analysis by the addition of an excess of anhydrous potassiun
carbonate. The interference of nonobutyl ond dibutyl phosphotes is
minimized by an initial potassiun carbonnte traatnent .

Description: After repoving interfering impurities from the sample:
with potassium corbonite the cleer sample 1s placed in a cell and 2
£1xed wave-length infrerad light (approximately 1031 waves/per ca. Or
9.70 nicrons) is passed through a known depth of sample. The absorption
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of the sample -- measured by an infrered spectometer -- is compared
with the absorption of standard soclutions.

Time required per determination: 20 minutes.

Systematic error: Dependent upon accuracy of standerd soclutions used:
in meking calibration curves and the frequency of checking of instru-
ment "drift" with standard samples. Over extended operating periods
the spectrophotometer may drift as much ag 3 volume per cent TBP. With
frequent checking the systemetic error may be meintained as low as plus
or minus C.l1% TBP. ' :

Precisidn (99% limits): Better than % 0.3% TBP.

Sample size: 5 ml, (Volumes as emall as 2 ml. may be used if necessary).

13. Urapium by Chromous Sulfate Titration

Application: The method may be used for organic or agueous phase samples
containing more than onme gram of UNH per liter (e.g., RAF, 241-WR Vault),
Nitrates interfere with the method and must be removed by heating with
sulfuric. and formic acids. If iron and phosphate are both present in .

8 sample the method should not  be used. However, the method mey be used
if either irom or phosphate 1s present alone.

Description: Uranium is determined volumetricelly by titrating to the
potentiometric end point with standardized chromous sulfate solution.

Time required per determinmation: 15 minutes.
Systematic_error: Approximately minus 0.5%.

Precision (99% limits): Approximately + 34%.

Sample size: The sample size is dependent upon the UNH concentration.
Sample sizes should, if possible, be chosen so that the sample contains
from 7 to 15 milligrams of UNH. (Aprroximately 0.1 ml. of HW No. 4
Flowsheet RAF solution.) '

1%, Urenium by Coulometric Titraticon

-
Application: This method may be used for the determination of uranium
concentrations as low as 1 g./1. in aqueous samples.

Descri;gtion: The sample and added irom golution are passed through a.
lead reductor column *o reduce the ursnium and iron to the quadrivalent
and bivalent states, respectively. The solution is then placed in s
coulometer cell and a constent current is pessed through the solution
until the potentiometer "break" ig reached. This bresk represents the
conversion of all the uranium in the solution to U(VI). The length of
tine the current flows before the break occurs is dependent upon the

— DECLASSFED g
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‘both aqueous end organic samples,

uranium concentration of the sample. Nitrate ion interferes with the
method and must first be removed by boiling the sample in the presence
of hydrobromic acid.

Time required per determimation: Approximately U5 ninutes .

Systematic error: Approximately plus l%..

Precision (99% limits): Better than * 5%.

§_§-m21.e gize: The sample chosen should contain approximately one to ten
milligrams of wrenium (epproximately 0.0l to 0.1 ml. of HW No. 4 Flow-
shest RAF solution).

. 15. Uranium by the Fluorophotometer

Application: The fluorophotometer (also called "fluorimeter") may be
used to detect lov uranium concentrations, from 0.0001 to.l g.UNH/1l., in

scription: Urenium compounds, when fused with sodium fluoride,
fluoresce when exposed to ultraviolet light, the intensity of fluores-

. cénse being proporticnal to the amount of uranium preseat. A mono-
. chromatic ultraviolet light (365 millimicrons) is directed on a care-

fully prepared fused semple. The fluorescent light 1s filtered, and
the intensity of the monochrematic fluorescent light {553 millimicrons)
pessing through the filters is measured. High concentra:ions of com-
pounds not volatilized during the fusing operation absorb a portion of

‘the fluorescent light. (This effect is known as "quenching”.) Since a

given amount of an interfering compound ahsorbds & fixed percentage of

. the uranium fluorescence the gquenching effect mey be determined by making

two determinations, the first on an unspiked portion of the sample and
the second on a portion of the sample spiked with a known amount of
uraniun.

Time required per determination: 45 minutes.

Systematic error: The fluorophotometer results may "drift" over extend-
ed operating pericds. The drift is eventually detected and the instrunent
1s reset so that there is very close to zero systematic error. It 1a felt
that the drifting may be detected and corrected by the time it has emount-
ed to a 10% discrepancy. B

Precision (99% limits): Better then = 20%.

Senple size: The accuracy and precision figures listed above may be
obtained if the sample contains from 0.01 to 1 mierogrem of UNH.

16. Urenium Isotopes by the Mass Spectrograph

Application: The x&asa spectrometer used for the analysis of the U-235
concentration in recovered uranium is suitadble for the determination of

. DECLASSFIED  ememem
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a wide range of U-235:U-238 ratics. However, it is not advisable to
handle on 2 single instrument samples which vary over a range of isow- - =
topic concentrations exceeding a few tenths per cent, since in such |
ceges, the Instrument exibits a "memory effect”, vwhereby eech result

1s blased in the direction of the concentration of the rreceding sample
(a smAll portion of the sample remains in the system). All recovered .
Redox and underground-stored uranium is not expected to vary in
U-235:U-238 retio by more than a few tenths of a per. geht.

Description: The sample containing the uranium (about 1 g.) is first
converted to U30g, which 1s in turn converted to uranium hexafluoride
by heeting in & tube furmace to sbout 400°C. with cobalt trifluoride.
The UFg evolved ig collected in a nickel condenser in a liquid nitrogen
bath. The UFg is then volatilized and introduced at a controlled rate
into the sampling system of the mess spectrometer where it is directed

= by & slit through an ionizing chamber. A small fraction of the UFg is
W3 converted to UF5+ ions (masses 330 and 333). These ions are accelerat-
ot ed as they pass through plates charged with high voltages. The acceler-
ggg ated ione then pess through the mass spectrometer tube along curved

g paths under the influence of a strong magnetic field. Because the iso-
;:; tope iong differ in-mass; these curved paths diverge zo that the two

L3 species UF5*2330 and,UF5 =333 are appreciebly seperated after rassing

through thé tube. They are then collected at sultable electrodes and
the resulting currents are amplified providing a messurement of the

relative concentrations of the ions. From the relative iom concentrs-
tions the U-235:U-238 ratio in the original sample may be caluclated.

Time required per determination: Rlapsed time ~- 2 hours.
Operator time -- 60 to 90 minutes.

Systematic error: Although the true value is not known it is believed
to be well within the 99% precision limits. :

Frecision (99% limits): Better then + 0.005% U-235 in the region of
natural abundance (U-235= 0.7%),

Sample size: The sample should be chosen such that one gram of uranium
is available for each analysis.

17. Urapium by the X-Raz Photometer

Application: The method 1s used for either organlc or agueous solutions
(e.g.. RCU Sempler, UN Tenk, and Tanks X-1 and X-2) containing high UNH
concentrations (5 to 1000 g./1.). Since the absorption of X-rays
increases very rapidly with increasging atomic number the sample to be
analyzed must contain an appreciable concentration of only one element
of high atomic number.

Description: X-rays are passed through a fixed depth of sample solution
and a portion of the beam, depending upon the concentration of high
atomic number elements in the sample, is absorbed. The same X-rays are
passed through verying known thicknesses of sluminum which have been

. DECLASSED  summer



e P ey e S i ,‘.'ﬁﬁh\;_%:‘r.“'f:.“"\‘&:fj*‘é"!,;-—“:. s S, "‘"““ A P R A

- 0 - USE me

been calibrated ageinst knmown stendard uranium concentrations until the
absorption of the aluminum metches the sample absorption.

Time required per determination: 20 minutes.
Systematic error: Mimue 1 to plus 1%, -

Precision (99% limits): % I to 2%.

Semple size: The minimum volume required for routine anelyeis varies
with the uranium concentration. Solutions- containing more than 100 g.
UNE/1l. are diluted to provide enough volume of 5 to 100 g.UNH/1.
solution to fill a photometer semple cell holding 3 ml. ZLarger cells
may be used if sufficient semple is available. Three ml. of HW No. &4
Flowsheet RCU containing 66 g.UNE/l. is required.

D. .RADIOCHEMICAL [ETERMINATIONS

'The results of the various radiochemicel determinations described
in this section are reportcd in counts/minute for methods based upon
beta counting on & BGO counter and in amperes for methods based upon
gamma counting by the Shonka Chamber. Couwersion of the Shonka Chamber
amperes. to curies is discussed in Dl below.

. The counts/minute obtained Yy beta. counting methods on a BGO
Counter may be converted approximately to "countable" curies by
dividing by the geometry of the counter (approximetely 0.067 on the
second shelf of a BGO Counter) and by the curie conversion factor
(3.7 x 10%0 disintegrations/(sec.)(curie)). Further conversion of

the "countable" curies to sbsolute (or theoretical) curies is dis-
cussed in Chapter II.

1. Carium -- Oxalate-Iodate Precipitation Method

Application: The method is suitable for eny Uranium Recovery Flant
sample. ' - '

Description: Cerium activity is separated from other fission-product
activities by two precipitations. Cerium (including non-radicactive
cerium added as a carrier) is first precipitated with oxelic acid. The
washed oxslate precipitate is dissolved in nitric acid; the cerium is
oxidized with bromete; and ceric iodate is precipitated. The separated
iodate is destroyed with oxalic acid and cerium is reprecipitated as the
oxalate for mounting and counting. Since the redioamctivity of the
preseodynmium deughter of cerium is measured, the mounted sample must be
allowed to stand approximately twe hours before counting to permit the
cerium~-proseodymium transient equilibrium to be reached. The "hard"
beta radistion passing through a 355 ng. /sq.cm. aluninum ebsorber is
measured on a standerd BGO counter. Corrections are made for the
carrier recovery which is determined from the weight of the final
oxnlate precipitate and the weight of cerium carrier originally added.

P DECLASSFIEY @
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* Time required per deterrinmation: 40 minutes operator time,

2-1/2 hours elapsed time.

Systematic error: (500 to 5000 counts/minute) Plus approx. 104.

Precision (99% limits): For 500 to 5000 counts/uinute, + 10%.

Somple slze: If possible, for the above systematic error and precisiocn,
the szmple should be chosen so that 500 to 5000 counts /minute arse
registered on the counter. For an RAF sample prepared from 2-yr. aged
woste, the smnllest accurately measured sanple volume (0.005 ml.)
contoins far more cerium (3 x 102 counts /minute) than required for the
analysis. Consequently the semple is initinlly diluted and an aliquot
is chosen to give the reguired 500 to 5000 counts/minute.

2. Cesium ~- Chloroplatinic Acid Method

Application: Radiocesium in all Uronium Recovery Plant samples may be
determined by this method..

Description: Radioccesium znd a carefully mensured quantity of inactive
cegium "carrier" remsin in solution when interfering fisslon products
are removed by scavenging with ferric hydroxide formed in the sclution.
Cesium in the supernnte is then precipitated as the chloroplatinate
from acid sclution. The cesium chloroplatinate precipitcte is then
waghed, .ounted on a weighed brass counting disc, dried, and weighed.
From the veight of cesium chloroplatinote the cesium recovery may be
coclculated. The beta emission of the radiocesium is then determined
using a stendord BGO counter.

Time required per determination: U5 minutes.

Systematic error: Approximately minus 10% sbove 1000 counts/minute.

Precision (99% limits): Above 1000 counts/minute, better than 104,

Sample size: - To cbtain the systematic error and precision indicated.
above the sample should contein approximntely 1000 to 5000 cesium counts/
minute. For an RAF sample prepored from 2-yr. aged woste, the smallest
accurately measured sample volume (0.005 ml.) conteins more cesium

(5 x 10% counts/minute) thon required for the annlysis. Therefore , the
sample is initiclly diluted and an aliquot 1s chosen to give the re-
quired 1000 to 5000 counts/minute.

3. Grogs Betna by BGO Counter

Applicotion: The BGO (Beto-Gemmn-Offner) counter may be used for the
determinction of total coutable beta radintion. Gamma redistion is
counted along with beta but-the proportiom of gommo counts is generally
only a small fraction of the total and therefore moy be neglected. How-
ever, 1f the gonmo counts are a large percentage of the total counts,
the gamma count must be determined and beta calculated by differsnce.
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- The counter may alsc be used for gross gamma, determinations, but for most

routine gross gemma analyses the Shonka chomber is used. Only beta
radiation capable of pessing through 2 20 mg./sq.cm. aluminum absorber
(1.e., 0.15-M.e.v. beta or above) is counted.

Description: The sample is pipetted onto a watch glass, eveporated to
dryness and counted on a BGO counter, with a 20 mg./sq.cm. aluminum
abacrber interposed between the sample and the counter.

Time required per determination: U5 minutes.

Precision (99% limits): Approximetsly % 4 to 2% for a five-pinute
count .of a sample containing 1000 to 5000 counts per minute.

Sample size: To obtain the above precision, the sample size should (if
possible) be such that 1000 to 5000 counts/minute are received by the
counter. (See the discussion of counting precision at the beginning of
this chapter.) One milliliter of Eﬁ solution {prepored from 2-yr.-oged
voste) contains approximately 2 x 109 counts/minute. Therefore, to
obtain the desired number of counts, a small volume (less then 0.1 ml.)
is diluted and an aliqueot 1s taken to give the regquired mumber of counts.
One liter of 0.13 M UNE RCU solution contains approximately 2 x 107 beta
counts /minute .

4, -Gross Gomme by Shonka Chamber

Applicafion: Grose gamma radicactivity mey be d.etemiﬁed for all
samples which contain from 0.02 to 1000 microcuries of gomma radiation.

Description: A sample -~ gas, liquid, or solid -- 15 pleced in the well

of the ionization charber. The gemma rodietion of the semple passed
through the inner wall of the chamber into high preesure argon gas
surrounding the chember producing iomization of the gos. The ionization
cnuses an inerease in the current flowing between an electrode in the
gas and the ionization chamber wall. The current 1z measured and re-
corded using a vibrating-reed electrometer ond recording potenticmeter,

. &nd may be compared with. the ionization current produced by standard
» radiun samples.

Time required per determinotion: lesg then 10 ninutes.

Systematic error: The results obtained by the Shonkn counter are re-
vorted in terms of current flow, or in terms of the equivalent curies
of standord radium represented by the reglstered current obtained dur-
ing colibration. This nmetheod of reporting does not give the absolute
curies (3.7 x 1010 disintegrotions/second) present in the sample unless
the rodiction spectrun and the decay mechanisma of the sonple are
sinlliar to those of the rodium standord. Although it is not possible
to assign exnct values for the conversion of the reported current to.
absolute curies, the following are cpproximmte values for garmao rays
of specific nonochromotic energles:
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Measured

Shonka Equivalent Disintegration Absolute Millicuries for Specific Monochromatic Energies
Current Radium(b) Per ”

(amps){8)  Millicuries Second 0.1 Mee,v. 0.2 M.e.v. 0.6 M.e.v. 1.0 M.6.v. 3.0 M.e.v.
1x1013 1.7 %100 6.3 x 10° 4.9 x 1077 4.0 x 10°5 2.1 x 10-5 1.k x 10-5 7.6 x 10-6
1x1012  1,7=x30-% 6.3 x103 5.9 x 1074 4.0 x10°% 2,1 x10-% 1.4 x10°5 7.8 x 10-5
1x1011 1.8 x 10°3 6.6 x 104 5. x 1073 4.0 x 103 2.1 x10-3 1.5 x 10~3 8.1 x 10-4
1x1019 1,8x10-2 6.6 x 109 5.4 x 1072 4.0 x 102 2,2 x 10-2 1,5 x 10-2 8.3 x 10-3
1 x 1079 1.9 x 10-1 7.0 x 106 5.4 x10° h2x101 2.2x101 1.5x10-1 8.5 x 10-2
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(2)600 volts potentiel on the ionization chamber.

(®)E1emental radium-226 in equilibrium with daughter elements.
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Precision limits): Varies with the gamme activity of the sample,
from +0.2% for 100-microcurie semples to approximately 10% for 0.02-
microcurie samples. ‘

le _size: The ionization chamber well will hold any size sample up to
approximately 40 ml., However, if possible. the sample size should be
selected so that the gamma radiation of the sample is betweez 0.1 and
100 microcuries. Ome milliliter of RAF solution (prepared from 2-year-
aged waste) contains approximately 400 microcuries of gemme radistion.
Therefore, an undiluted 0.l ml. RAF sample can be measured in a Shonka
chember. - ‘

2. Flutonium -- Direct Eveporation Method

Application: Plutonium (plus other alpha emitters such as emericium and
curium) may be determined for those streams, both organic and aqueous,
conteining little or no uranium (e.g., cribbeble condensates). If ths
uranium-to~-plutonium ratio is less than 1 x 107 the uranium concentra=
tion should be determined and the equivalent ursnium counts should be
subtracted from the result obtained by this method. The sample should
be essentially free of salts (less than 0.25 mg.) which are not volatil-
ized when the sample is evaporated to dryness, because such salts sbsorb
a portion of the plutonium alphs radiation. :

Description: The sample is transferred directly to a platinum disc end
2 small amount of lanthanum fluoride is precipitated on the disc to in-
sure even distribution of the plutonium over the surface of the disc.
The precipitate is then evaporated to drynees and the sample ia counted
onsa standard alpha counter. :

Time required per determination: 45 minutes,
Recovery: Approximately 100%.

Semple size and precision: Sample size is dependent upon the plutonium
concentration and the precision required of the determination. For & -
discussion of these factors see the Beginning of the chapter. For 20%
counting precislion the sample chosen should contain sufficient plutonium

(approximately 0.001 microgram) to register approximstely 50 alpha counts/

mimute .on a standard ASP counter during a 3 minute counting period. A 2-
milliliter sample of condensate of the cribbing tolerance (0.5 microgram/
liter) comtains the necessery 50 counts/minute.

6. Plutonium -- Fluoride Precipitation Method

Application: This is a radiochemical method which may be used for the
determination of Uranium Recovery Plent stireams contoining relatively
large plutonium concentrations (e.g., RAF, RAW).

Description: Pu(IIT) and Pu(IV) are separated from interfering sub-
stances by "carrying" the plutonium on & lanthanum fluoride precipitate
formed in the sample solution. The mrecipitdte 1s centrifuged and washed
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before counting in a2 standerd slpho counter. If the total amount of Pu
is to be determined by this method, the sample must first be treated
with a reducing egent (NHpoCOH-HC1l) to convert the Pu(VI) to a lower
velence state. :

‘Time required per determination: 90 minutes.

Recovery: 99 to 99._5%.

Semple size and precision: Sample size 1s dependent upon the plutonium
concentration and the precision required of the determination. These
factors are discussed at the beginning of the chapter. For 1 to 2 per
cent counting precision the sample size should be regulated sc that dur-
ing a 5-minute counting period 3000 to 15000 ccunts/minute (approximately
0.0k to 0.2 micrograms of plutonium) are reglstered on the counter. A

EEZE? 0.1 ml. semple of RAF may contein epproximately 1000 plutonium alpha
= counts/minute.

= -

E‘* 7. Plutoniunm -- Low-ILevel Plutonium by Fluoride Precipitation

£3 ’ '

4

" - Appiicotion: This method is used for the determination of low plutonium
o o concentrations in the presence of relatively high ursnium concentrations
(e.g., RCU, Concentroted UN Solution, U03).. The method moy be used for
enalyzing organic semples if a small amount of acetone 1s added to the
sample to increase its solubility in woter.

Description: An initisl lanthemum fluoride precipitatior. is mede to
seperete the plutonium from the bulk of the urenium and other interfer-
ing ions. The precipitate, which has "carried” the plutonium and a
slight anocunt of urenium with it, 1s then metathesized with potassium
hydroxide to form lanthenum hydroxide. This I.a(OH)3 recipitate {ond
the "carried” plutonium) is dissolved with concentrated nitriec acid

and agein treated with HF to form a second lanthanum fluoride precip-
itate. The washed IcFy is mounted on a pletinum disc, dried, and count-
ed on a standard alphs” counter.

Time required per determination: 180 minutes.

Recovery: Approximately 95%.

Somple size and precision: Semple size is dependent upon the plutorium
concentration and the precision required of the determination. These
factors are discussed at the beginning of this chapter. Generally only
fair precision will be required for these low-level Pu streams. For
approximately 20 per cent counting precision the sample selected should
register approximately 4O counts/minute on the standard counter for a

5 minute count:l.;}g pericd. A 0.02 ml. ssmple of RCU containing approx-
imately 3 x 10™! g.Pufliter is required to produce the required 40 Pu
alpha counte/minute.

8. Strontium -- Fuming Nitric Acid Method

Application: This method is suitable for all Uranium Recovery samples.

.  DECLASSFED emr
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Description: -Strontium activity 1s separated from other fission produats
by & series of precipitations. Strontium (including non-radicactive
strontium added as cerrier) is first precipitated with -sulfuric acid.

The precipitate is digested, centrifuged, and washed with water. The
Sr50) is next metathesized to SrCO;. After centrifuging and washing the
precipitate is dissolved in a smli amount of 6 N ENO3. Strontium nitrate
is precipitated by the addition of fuming nitric acid, then centrifuged
and dlssolved in water. Perric ion is added to the solution and a portion
of the interfering fission-product activity is carried frem solution on
Fe(OH)3 precipitate.. The centrifuged supernate is heated and SrCo0y *Ha0
is precipitated upon the addition of saturated ammonium oxalate., The
solution 1s filtered and the precipitate is washed successively with
water, 95% ethanol, and ether. The dry, weighed precipitate is counted
on a standard BGO counter. From the recovery of the inactive carrier
‘added originally and the radicectivity of the final precipitate the
strontium radicactivity in the origipal sample may be calculated.

Time required per determination: 1-1/2 hr.
Recovery: Approximately 80%. T

Precision (99% limits): Better than + 20% (cstimated for & sample
. containing 500 to 5000 counts/minute).

Sample size: For the above stated precision and recovery the sample aize
should be chosen such that 500 to 5000 bets counts/minute are registered
on a standard BGO counter. A milliliter of RAF sample prepared from
2-yr.-aged waste contains approximately 2 x 107 strontium beta counts/
minute. Therefore, the sample is initially diluted and s suitable
aliquot is taken analysis.

9. Ruthemdum -- Direct Reduction Method

Application: Redioruthenium may be determined in ell Urenium Recovery
samples by this method. .

Description: A lmown amount of imactive ruthenium carrier is added to
the sample which is subsequently reduced tc ruthenium metal with magnes-
ium in a strong hydrochloric acid solution. The metal is filtered,
dried, and weighed. The "hard” beta emission paseing through a 355-mg./
8Q.cm. aluninum absorber is measured on.a standard BGO counter. The
effect of interforing activity of zirconium and cerium is minimized by
adding inactive zirconium and cerium "holdback" carriers to the sample
so that only a small percentage of the radicactive zirconium end cerium
is carried with the ruthenium. From the ruthenium recovery and the beta
activity of the ruthenium metal the active ruthenium in the original
sample mAy be calculated. _ _

Time required pgf determipation: 30 minutes.

Recovery: Approximately 101% for high counting rates (1000 to TOCO
sounts 5minute). Approximately 120% for low counting rates (less than
1000 counts/minute). :

-~ DECLASGFIED  ‘wmmmmm




Precision (99% limits): <+ 10%.

Sample size: For the above counting precision the saenple should enit
approximately 1000 to 7000 ruthenium "hard" beta counts /minute. A
S-microliter sample {the smamllest accurately measured sample volume) of
RAF (prepared from 2-yr.-aged waste) contains the redicactivity (approxi-
mately 1 x 10% Ru beta counts/mimite) required for the determination.

10. Zirconium -~ Barium Fluczirconate Method

Application: This method may be used for the determinstion of radio-
zirconium in all Ursnium Recovery Plant streems.

Description: An accurately measured quantity of imactive zirconium
carrier solution is added to the sample. The sample acidity is adjust-
ed with nitric and hydrofluoric acids before lanthanum fluoride is
Precipitated from the solution. The lanthanum fluoride scavenges 8
large portion of the radiocactive rare-earth elements with it. Barium
nitrate is then added to the separated supernate end barium fluozircon-
ete is precipitated. The precipitate is centrifuged, washed with a
weak HF-Ba(NO3)2 solution, and dissolved im boric and nitric acids.
After inactive niobium "holdback carrier" has been added to the solution
to minimize radioniobium carrying, barium fluozirconate is reprecipit-
ated, centrifuged, washed, dried, weighed, and counted in a Shonka
chamber. From the zircomium recovery (calculated from the weight of the
dried barium fluozirconate precipitate and the weight of the inactive
zirconium added) and the gemma activity of the zirconium metal the active
zirconium in the originel sample may be calculated.

Sulfates present in the RAF end RAW samples are precipitated as
BaS04 when barium fluozirconate is Precipitated during the determination.
However, the barium fluozircomate to barium sulfate welght ratio is
gonerally so great (10 or better) that the barium sulfate weight will
have no significant effect on the chemical yield reported for the
method.

Time required per determination: 30 to 4O minutes.

Recovery: Approximately 100%.
Precision (99% limits): Approximately + 20%.

Sample size: To attain the above-stated over-all rrecision the sample
should be selected so that the counting precision is within # kg, To
achieve this counting precision 2000 or mere gamma counts/minute are
registered on the BGO counter for = S5-minute counting period. The re-
quired 2000 counts/minute are contained in approximately 0.l ml. of RAF
prepared from two-year-aged stored waste.

If the Shonka counter is used for the determination e current of
approximately 1 x 101l emperes representing approximately 1 x 10~3 milli-
curies of Zr gapma activity is required to achieve * 4% counting precision.
One ml. of RAF prepared from 2-year-aged stored waste provides the requir-
ed Zr activity.
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CHAPTER XXI. HEALTH FROTECTION FROM RADIATIONS

A. NATURE OF RADIATIONS

Nucleer radiations are invisible and undetectable by the unaided
senses. - The harmful physiological effects of excessive desages of nuclear
radiations make certain protective measures necessary. For & brief review
of the physiological effects of radiations, the reader i1z referred to the
Redox Technical Manual (HW-18700), Chepter XXII.

.The radlations emitted by materials in the seperstion processes are
alpha perticles, beta perticles, and gamma rays. Neutrons are emitted only
during pile reaction end no neutrom radiation hazerd is encountersd in
separation plants.

1. Alpha Particles

Alpha particles are helium nuclei of msses four and positive charge
two. They sre ejected spontaneously by the nuclel of uranium and plutonium
atoms, but not by fission-product elements. Because of the large mass and
charge of the alpha particle its penetrating power is very low. UFor example,
the alpha particles from uranium asre completely stopped by about 1 inch of
air, 0.001 inch of aluminum, or 0.0001 inch of leed. Alpha particles
Present an important haza:i only when the emitter is taken into the body.

2. Beta Particles

Beta particles are fast electrons. They carry a negative cherge of
one unit and are emitted with energies rarely exceeding 3 M.e.v. Their
penetrating power is rather low. (2 M.e.v. beta are completely stopped by
about 23 ft. of air or about 1/8 inch of aluminum.) The beta radiation
hazard assumes importance only when the cbserver is directly exposed to
the source or when the emitter is taken into the body. Under exceptional
circumstances the secondary rediation produced upon ebsorption of beta
particles in matter (Bremsstrshlung, or "slowing-down radiation") mey elso
represent a hazard.

3. Gamme Rays

Gemma rays are electromegnetic rays with wave length roughly one
millionth that of visible light. Unlike slphe and beta particles, gamma
radiation has no definite renge in matter but is absorbed exponentially.
The intensity of & beam of 2 M.e.v. gamme radietion is reduced tem-fold
by passege through 1300 ft. of sir, 20 inches of water, 8.5 inches of
concrete, 8 inches of aluminum, or 1.7 inches of lead. Reduction of the
intensity of this radiation by a factor of 100 is obtained by using =&
shield of 3.4 inches of lead. Although gamme rays are less damaging than
alpha or beta rodiation, quentity for quontity, they are a major problem
because they penetrate so dseply.
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B. CURRENT PERMISSIBLE RADIATION EXPOSURE LIMITS

For any systematic program of radiatiorn control it is necessary to
know precisely what quantities end rates of exposure can be rermitted.
The permissible radistion exposurs limit is the quantity of radiation
-which a human cen withstand dey after dey without perceptible damsge to
the body. Because of the lack of full, exact knowledge, the permissible
exposure limits at Hanford Works ere conservatively set and freguently
reviewed in the light of new informatiom.

For the current permissible radiation exposure limits, refersnce is
mode to the Redox Technical Manual (HW-18700), Chapter XXII.

C. METHODS OF MONITORING

LSS
£, 2 :

52 I addition to the design provisions for scfety from radietion,

&wx notably shielding and safeguards agoinst leaMoge. of radiocective _

’145 material, incorporated in the design of the Urenium Recovery Plant and

— its equimment, a thorough ond cmstant mrogram of roadintion monitoring

Ea is maintained with a view to avoiding accidental overexposure of personnel.

The chief items requiring constent and careful monitoring are in-
cluded in five categories: (a) operating oress and equipment; (b) person-
nel; (c¢) ventilation air; (d) stack gus, and (e) envirens.

The following discussion ¢utlines the rediation monitoring methods
used in comnection with the Uronium Recovery Plant.

1, Monitorigg of gpgratigg Arevas and Eguimagnt

Although the equipment and facilities provided ere adequate for
handling the rodionctive process solutions under normol operating condi-’
ticns, in the event of cperationnl accidents or the need to enter any of
the equipment cells or areas for inspection or mointenmnce, it is
necessary thaot the areas ond equipment be surveyed for the presence of
radicactive materinls. In addition, surveys of all operating areas of
the plant are made on a routine basis in order that contaminotion can
be removed, and radiation confined. The techniques of decontomination
are discussed in Chapter XIIII. ‘

1.1 Health Monitor (EM) stations

Pixed monitor stations which measure and record gonma radiation
(and beto if no shields are used) levels in the urenium recovery facil-
ities are located as follows:

221-U Building: (Reference drawing: SK-2-6091) _ : o

Conyon, chombers ore placed ot Sections 1 through 19 imclusive
{0dd numbers only). These ionization chambers are equipped with shields.

oy,
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. rati allery, chambers are placed above the penel bosrds corres
sponding to Sectioms 4, 7, 9, 11, 13, 16, and 19. There are no shields on
these chombers. -

gpe gallery, chambers are located at Sections 3, 7, 13, ond 19.

In addition, ionization chambers are 1ocated in the SWP change roon
and in the crane cab. A complete installation consists of an ionization
chamber, located as noted above, a Beckman RXG amplifier, and a recorder,
locoted in the dispatcherts office.

22h-1 Bullding:

There are four jonization chambers locoted in Building 224-U. Two
are above the panel boards corresponding to Cells B and D and two are
locaeted in the pipe gallery.

241~-WR Diversion Vault:

There are four ionlzetiom chambera locoted adJacent to the tanks in
the 241-WR Veult. It is possible to read the rediation level of the tanks
from an instrument located at the head of the stairs in 241-WR without en-

 tering an SWP zome.

241-U Retention Basin:

Two semi-portable ionization chambers located on booms are provided
f<r monitoring the Retention Basin.

Rodiation intensities which can be detected reliably are limited by
the fixed volume of the ionization chamber ond by the Beckman amplifier,
which provides six sensitivities permitting measurement of radiation
intensities from 0.03 mr./hr. to 300 r./har. The EM instruments are cali-
brated weekly by the Radiation Monitoring Unit.

1.2 Portable survey instruments

The most common portable survey instruments (six in all) are briefly
described in Chapter XXI of the Redox Technical Mamual {HW-18700).

The value of any radiation survey is dependent on the judgement of the
surveyor in selecting en instrument, meking the survey, and interpreting
the data. If quantitative measurements are made, survey instruments must
be used in substantially the same monner as they were calibrated. With
regard to alpho neasurements, the short range of the porticles requires
that the ingtrument be used ns close as possible to the areas bheing exam-
ined and with no absorber (paper, film of woter, etc.) between the source
and the sensitive element.

2. Monitoring of Persommel

. The subject of monitoring of personnel is discussed in Cheapter XXI
of the Redox Tachnical Manual under the following subheadings:
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() Special Hazard Bulletins (2.1)
(b) Personnel exposure monitoring (2.2) :
(¢) Monitoring of persomnel lsaving a Radietion Danger Zone (2.3)

3. Ventilstion Air Monitoring

A vacuun air sampling system is installed ot various positions in .
the Uranium Recovery Plont for obtaining air samples. The samples of
8ir are drown through filter paper which filters out and retains par<
ticulate metter which was suspended in the air astreem. Radioactive
gaseg such as xenon or krypton pass through the filter paper and ore
therefore not capable of being measured,

- Particulate contaminntion collected on filters is nmeasured by its
radioactivity. When ashless filter peper is used (Whatman k1), the
paper is digested with acid, and the solution is evaporated to dryness.
Rad;ation counts are taken on the soclid residuye by means of a Mica
Window Counter (BGO). When the serple 1s taken on asbestos filter paper
(Chemical Worfare Service Type 6), the Horizontel Pig Air Sample Counter
or Mica Window Counter is used for deternining the beta and garma activ-
ity. Readings of activity should be mede within an hour after sompling.
If the beta count indicates a high concentration of beta emitters, add-
itional counts are token to estirmte the half-life.

The standord Pornllel Plate Chamber or the Long Ton Chaomber 15 used -
for counting the alphe activity which is emenoted from radon, thoronm,
their daughters, and uranium. Twe counis are taken, the "six-hour"”
count and the "twenty-four-hour" count. From these two counts, the back-
ground due to rndicoetivitiecs controlled by the ThB decay rate cen be
obtained and the activity of the wraniurm can be caleculated. If both
Plutoniun ond uraniun are Peesibly present in the air, their concentra-
tions can be determined either by chenical analysis of the contamination
collected on the filter raper.or by renge determinations cn the alpha
Particles. Respiratory protection is required 1f the radiocactivity
determined from an air sample indicntes air contaminntion in excess of
one of the following working limits:

Filssion products (mized)-- 1 x 10~9 microcurie/cu.cn.

Plutoniume=u-—meeccaanaa -~ 3 x 10-11l nicrogren/cu.cn.

Uraniume-ee e e acm e 3 x 10-7 microgron/eu.cn.

Provision for air scmpling stetions in the 221-U Building hng been
made by extending Sercn tubing through existing spare riping (connectors
88 and 90) leading from the cperating gallery into the canyon a2t Sactions
3 thrcugh 20 inclusive. This arrangenent pernits drawing an air sanmple
through one line and exhnusting the filtered air beck into the canyon
through the other line by neans of a portable air sampler punp.

Building 224-U is equipped with four Permonent olr sample stetions,
one before the bag filters, two (ome in each line) cfter Bog Filters,.-
Z-11-1 and X-11-2, and one loogted near the top of the exhaust stook. In
addition, two portable unite are provided for cbtaining air sanples within
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Alr from the Uranium Recovery Plant (whick is exheusted through
Ventilation Stack, 291-U) is monitored for particulate activity. An
gxhaust alr somple station is located near the exhaust duct before it
enters the sand filter. In additiom, air samples may be cobtalned from
sample ports located near the two inlets to the sand filter (duct from
221-U Building and duct from 241-WR Diversion Veult). |

4., Stack Gas Monitoring

There are two air samplers on the Stack. Ome is located four feet
below the top of the Stack, the other about twenty feet above grade, near

the bottom of the Stack.

5. ZEnvirons Monitoring

Stations are mointained both on and off the project by the Radiation
Monitoring Unit for the purpose of determining the amount of radicactive
materiels (i.e., particulate motter and iodine) relessed into the environ-
ment by operations at Hanford Works. The distribution of rediomaterinls
in the air, water, and earth around the project is mapped on & monthly
basis, and radiocactivity measurements at locations outside the project are

recordsd.
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PART V: GSAFETY, continued

CHAPTER XXII, CHIELDING

CONTEN'I"S A | Page

AI ABSOBHION@AIHAAM BE-PA PARTICIES LI R I S I B R A B B RE O BRI B B A A 22%
ll Alphﬁ Radiation ...IOl‘.l".l.ll.'l....l.l.0.-‘-."‘;‘!.0. 2202

2- Beta Radiation L R I R R R N N N R A L ) 2202
B- MWRAYATTENUATIONHOBIM Cl.ll.l‘.-tll’ll‘l'll"l‘.l."‘ 2203

CQ UBANIIMRECMY Pm SEIELDEIG LR RN NN R E R NN NN NN NN N NER] 2201"

L. Uranium Removel Facllitios ..verrerenoneevosacansennensans 2004

!C?ﬂ 2- TBP P].Bnt, B‘Llildiﬂg 221"U LN A R RN N NI N NI IR B B Y 220“'

3. Urenium Conversion Plant, Building 228U .....cevcnvvreue. 2206

et




123340631

14

SHIELDING

Rediocactive fission products are formed dwring irradistion of the
uranium slugs in the piles. The level of emitted radicectivity graduelly
decreeses with {ime as discussed in Chepter I. Since this radicactivity

. 18 harmful to persomnel, they must be protected from it by distance or by

intervening shielding meterials. As discussed below, the vessel walls
absorb the alpha and beta radietion, but a condiderable thickness of
shielding material is required to reduce the very penetrating gemme rays.
to e hamless level.

Imdiated uranium emits three principal types of radiocmctivity:

alpha and beta perticles, which are discussed in Section A, below, and
gemme rays, or vhotons, whieh are discussed in Section B of this Chapter.

A. ABSCRPTION CF ALPHA ARD BETA PARTICLES

Alphe Rediation

The isotopes of urenium and some of the transuranic elements which
are formed during irrsdiation emit alpha particles, which are helium
muclei. Due to their large mess {compared with elsctrons or photons) and
double charge, the iom production per unit length of path {i.e., the rate
of energy absorption by matter through which the particle pesses) is high.
This meens that the total energy of the particle is absorbed in persing
through a relatively smell amount of mwetter, the distance traveled teiig
lmown as the range in thaet material. For example, the gange of the 4
M.e.v. (Million electron volts) alpha particle from U23
1 inch in air, 0.001 inch in the dead layer of skin, 0.0005 inch in alumi-
mm, and 0.00035 inch in lead. Baecauss of the above-mentioned short range
of alphs particles, alzhe radistion is an importent hazerd only when the
alphs emitter is taken into the body. No shielding is required to protect
perscnnel from external elpha radiation.

2. Beta Rediation

Fission products end some of the transurenic elements which are
formed during irrsdiation, as well as somc of the daughter elements of
uranium, emit electronms kaown as beta particles, or bete rays. Beta
particles do not produce as meny ions per unit length of path as alpha
particles end, therefore, ere more penetrsting than alpha perticles
which have the same initial ene&gy For example, the 2.3 M.e.v. beta
perticle from either UXp or RhiO hag e renge of approximately 25 feet in
air or 0.15 inch in aluminum. Beta particles do not normelly penstrate
container walls. They constitute a radiation hezerd only when taken into
the body, or when the individuel is exposed directly to the source, such
as the exposed surface of a solution conteaining beta emitters, or bare
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B. THE CAMMA RAY ATTTENUATION PROBLEM .

Most fiesion products and transursnic elements which are formed during
irradietion, as well as most isotopes of urenium and its deughter elements,
emit a very penetrating form of radietion known as gomma rays. Camma rays
are elactrcmagnetic radiztions, or photons , originating from a nucleua.
Unlike alpha and beta perticles, gamme reys have no definite range in
mattor, but are absorbed approximately according to an exponentisl law on
passing through the material. The range of germme ray energies of interest
in the 200 Arees is from 0.1 to 2.3 million electron volts (M.e.v.).

Attenuetion (i.e., intensity reduction) of gammm rays may be accom-
plished by distance, by passage through matter, and by scattering. The
various attenustion mechenisms are considered in Chepter XXII of the Redox
Technical Menual, HW-18700. ' :

= The meximm permissible radietion level for uncontrolled zomes, such

L a8 the cpersting gallery in 221-U Building, is 0.1 mr./hr. (milliroentgens

= per hour). For controlled zones, such as the canyon deck in Building

22 221.U, the meximm permissible radimtion level is 1 mr./hr.

£~ :

.y The table below 1ists gamme rey intensities and required attenuation

L factors corresponding to typical radiation sources in the Ursnium Recovery
Plant. Attenumtion factors listed are those required for uncontrolled
Z0nes .

Gemme Rey Intensity

Approzimate Attenuation
Distance, Tenk Intenaity Factor
Source to Observer, Pt, R, /Hr. ) Required
RAF Feed Tanks 10 1w0(b) - 10,000
RAW Weate Receivers 10 10(b) 10,000
101-U Waste Storage 5 to 10 0.5 to 1.0(¢) 500 to 1000
Pank
Uo3 Pot | 1. 0.0002 2
Notes:

(2) Intensity with no intervening shield. Ons roentgen
of radietion liberates 83.8 ergs of energy in one
gran of air,

(b) Computed for material "eooled" for 2 years.
(c) Measursd value, meterial stored 5 to & years.

Methods of calculating the emount of gamma ray attenustion attained
by a specified thickness of shielding material are presented in Chap‘tﬁr

. w DECLASSFEy
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1. Uranium Bemoval Facilities

Pipe lines which carry underground wastes from the waste storage tanks
(end lines which return supernate for sluicing operations} are gncased in
a concrete tummel with 8-inch-thick sides and a 10-inch or thicker top.
The concrete tunnel is covered with eerth to a minimm depth of about 2-1/2
feot, S C '

A minimum thickness of about 6 f'eét of eerth over the 1i.iasn;e tanks re-
ducea the radiation laewvel to safe limits. S

2. TBP Plant, Building 221-U

The 221.U Building vas originelly designed to house & bismuth phos-
phete (plutonjum extraction} plant; consequently, shielding in the building
is of messive construction. In general, shielding was designed so that
the gamm-.rey dosage rate received in any populmted ares was less than
about 0.1 mr./hr. when a bucket of "coocled" uremium slugs wes present in
the building. This amowmt of shielding is greater than that required for
the TBP Plant, since the foed strean for the THP process (aged underground

. wastes) will emit much less intense radiation {approximately 200-fold less

radiation intensity for waste sged 2 years than for matorial eged ohly U0
days). -

The wall of the canyon (221-U Building} ~n the side opposite the
operating gallery is not less than five feet “hick from the groumd up to
& height of 26 feet above the canyon deck level. The walls on both sides
of the canyon taper fronm a thickness of 3 feet at this point to 4 feet

- at the roof, and the roof, for structural reasons, tapers from a thickness

of Lk feet at the sides to 3 feet at the center. On the operating gallery
side of the canyon, the outside building wall is 3 fect thick from the
ground to the crene cabvay, where it 1s 5 feet thick up to 26 feet above
the canyon deck level. The lower part of the wall shields persommel out-
side the building or in adjecent buildings from direct gamma radietion

at times when "hot" process solution is present in the canyon. The upper
vart of the wall and the roof eliminete "sky shine" or radiation scattored
from the air above the canyon, which would otherwise produce a hazard in
the neighborhood of the building.

The various proccss vossels are located in a row of cells which are
gunk below deck level end normally shislded by concrete cell covers 6 feet
thick. Each cell cover is built up of four concrete blocks to facilitate
handling. The recess into which the cover fits has stepped sides, and
the adjoining faces of the individuml blocks orc elso stepped to elininate
narrov beeans of radiation which otherwise would escape from the cells.
Exceptions to the sbove statements occur in the concentretor cells (11,
13, 15, 17, and 19) and in the twao cells comtpining the two RA Colurms (34
ond 38). Cell covers for the concentretor cells ere 2-1/2 feet in thick-
ness in order to provide more height within the cells. This thickness of
concrete is sufficient to reduce garmd radintion to & moxirum velue of
& alha the cell cover blocks. The two cells containing the two

™ DECLASSIFED —




Radicective solutions are transferred from one cell to enother by
wvay of a pipe trench ruming the length of the canyon. The pipe trench
is covered bty atepped concraete covers, 2 feet thick, similer to those used
on the cella. Significant amounts of radistion are present in the canyon
only when the covers have been removed from cells or the pipe trench. At
all other times the canyon may be entered for the purpose of taking semples
or maintaining such equipment as is accessible.

Labyrinths in the S-.foot concrete wall on the pipe trench side of
the canyon provide access to the deck. The labyrinth walls are 5 feet
thick as far e&s the second bend. From this point to the outside entrance
the intensity of the scattered radiation is low enough so that walls 1
foot thick sre adequate.

The wall vhich shields the various galleries is 9 feet thick opposite
the pipe gellery and 7 feet thick opposite the operating gallery. This
thickness of concrets is sufficient to attenuate garme intensity well be-
low 0.1 or./hr.,vhich is the permissible upper linit for an uncontrolled
zone. Pipes which run through these walls are curved to nininize rediation
leaknge. The pipe gellery handles only non-radicective meteriels (radio-
active process solutions ere transferred in the pipe trench on the other
side of the canyon), and the piping is desighed to nininize the chance of
sucking radicactive solutions back into the pipe gellery, The few suck-
backs that have occurred in bisuuth phosphate plant operation have been
prouptly detected end remedied. The roof of the operating gallery, which
also forms the floor of the crenc cabway, is 4 feet thick. This thiclmess
is more than adequate inasmuch as this floor is exposed only to radiation
which has been scattered from the canyon ceiling. The cabway is entered
through a row of labyrinths on the operating gellery side of the building.

The crane cab is shielded from direct germa radiation by the concrete
rarepet behind which it runs. Protection ageinst scattered radiation is
afforded by the steel shielding of the cab, which is L-1/2 inches thick
on the top and upper pert of the sides, 3 inches thick on the lower part
of the sides, and 1-1/2 inches thick on the bottom. The ceb is entered
through steel doors 3 inchos thick. Steel is used in this structure
rather than lead because of the dangar that lead night eventually sag and
open up crevices through the shield.

Saupling devices are located in boxes shielded with 4 inches of lead
and sunk flush with the canyon deck level.

Icnization charbers which indicate the activity of procesa solutions
ere located in wells which run fron deck level dowvn to the level of the
Process vessels. These wells are plugged to stop the radiation scattered
up the tube.

Do

E‘ = DECLASSHED =y

RA Columne have & raised cover block, "dog-house", which 18 twe feet in
thickness and the top of which is four and & half feet above the canyon
dack. The raised cover blocks allow sufficient heed-room for the RA
Columns .
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3. Uranium Conversion Plant, Building 224-U

The wvery low level of radicactivity associsted with the uwraniwm pro-
cessed in the 224.U Building does not require any special shielding for
radiation protection of personnel. However, the level of germe radistion
intensity from equipment within the building is calculated to be between
0.1 and 1 or./hr. with the exception of the UO3 shipping druns, which have

- & surface intensity of ca. 2.7 rwr./hr.; therefore, it is necessary to class

the area as a controlled zone.

In UO3 storage facilities outside the 224-U Building germe radiation
intensitie® may be 1n excess of 1 mr./bhr. (up to ebout 5 mr./hr.}, but
personnel will not ordinarily be required to work in those areas, oxcept

for approprietely short periods.
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PART V: . SAFETY, continued
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CHAPTER XXIII. DECONTAMINAT

TON OF W%LA 5SIFIED

A. INFRODUCTION
l_. Gensral

Surface decontamimation will find epplicetion in the Uranium Recovery
Plant for the removal of redicactivity from opereting equipment and working
areas in order that personnel mey approach the equipment to make necessery
maintenence changes. The total radicactivity per ton of uranium entering
the plant will be less then that entering the Redox Plant by a factor of
approximetely 20 to 100. The activity will be present in the feed prepara-
tion, RA Colurm, and waste hendling cells. Approximetely 99% of the
rediocactivity will be removed with the RAW. For most maintenance work it
will be necessary to remove equipment from the areas associated with the
process steps preceding the RC Column because of the high degree of con-
teminetion present. The radiation intensity in areas and equipment associ-

| ‘ated with process steps subsequent to this point, although designed for

remote handling and meintenance, may poasibly be reduced to a point per-
mitting persomnel to work on the equipment in place under SWP (Special
Work Permit) conditions.

The decontamination of process equipment resolves itself essentially
to the problem of removel of radiocectivity from stainless steel. The
structural and supporting elements of the plant are fabricated almost

- solely from concrete and mild steel. These are extremely difficult, if

not imposeible, to decontaminete. Within the plent, 2ll non-stainless
steel elementz have been protected with Amerccaet 23, 33, or 55. These

. protective coatings show good resistance to process chemicals and pro-

hibit wetting of the structural elements with conteminants. The use of
protective coatings also permits the employment of chemical reagents for
deconteminetion purposes which might otherwise attack the unprotected
swrfaces.

Decontaminetion of the surfaces of equipment and structural elements

in the Uranium Recovery Plant will necessarily be performed on the basis

of empirical procedures which result from knowladge obtained at Hanford
Works in plant prectice and laboratory studies, and from experience at

' Oak Ridge Netionmal Iaboratory (0.R.N.L.) in semiworks and pilot plant

studies. The'usefulness and feasibility of decontemination has been

_ demongtrated at these sites.

Previously developed decontamination technigues have satisfled
specific conditioms but will not necesearily comstitute optimum procedures
for the Uranium Recovery Plant. For example, nitric ecid is e widely used
reagent vhich could give unfavorable results under some circumstances be-
cause of its etching action on stainless steel. Similarly, meny other
reagonts have beon reported to be effective in the removel of radicactivity,
but the effects of their repoeted uge on the surface being troated have not

' DECLASSIFIED
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2. Teminologz

The procedure of deconteminetion has given rise to the use of cer-
taln speclal terms and concepts. '

- The term decontamimgion is used to designate the removal of redio-
active chemical alements from solid surfeces.

Contaminants are the radioactive elements present on the solid
swrfacs.

Mechanism of contamination is the means whereby the radioactive
elements ars transferved to end fixed to the solid surface.

Decontemination methods ere the means utilized to remove the radio-
active elsments, ThHey mBy be generally classified as (a) physical --
total or partial removel of the conteminated surfece; (b) chemical --
reaction with the radicective slements or the larger mass of the associ-
ated non-radiocactive materiala to convert to a soluble or extracteble
condition; and (c) physico-chemicel -- suspension by surface ective agenta.

= B, APPLICATICN TO URANIUM RECOVERY PIANT

1. Factors Influencing Decontamination

_ Beceuss of the similarity in process end design characteristics
between the Redox and Uranium Recevery Plant, the factors influencing
decontamination of surfaces are essontially the same for both plants.

These factors ara discussed in the Redox Technical Manuel, Chapter XXIII,
BW.-18700.

2. Provisions for Application of Decontamination Procedures

2.1 Protective coetings or sheathing

Structurel elements in the plant have been protected with a chemically
resistant coating such as Amercost 23, 33, or 55. Thermelly insulated o
squipment in the evaporstor end concentrator cells has been sheathed in aom
thin sheet stainless steel to protect the insuletion from radiocactive
solutions. This type of construction will facilitate removel of the gross

" redioactivity by simple water flushing. '

2.2 Materials of comstruction

Process eguipment nornally wetted by process solutions has been fab- '
ricated alnost entirely of stainlese steel. Some important but relatively
smell elements utilize Stellite and Teflon. All of these materials have .
‘sxceptionally good resistance to chemical sttank and Are expected to be

. decontaminable. - .. oo and.

K
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Process equipment design utilizes drasinable and flusheble swrfaces
for all components normally in contact with procese solutions. The
Irocess equipment also incorporetes lebyrinth-type seals for centrifuge
and agitator shafts which, in conjunction with the vent header system,
effectively prevent  major contanination of the exterior surfaces of the
process systenm.

3. Design Festure

C. STAINLESS STEEL

The process equipment components (tanks, lines, mumps, ete.) of the
Uranium Recovery Plant are fabricated almost entirely from the 300 series
of chrome-nickel stainless steels. The specific type emplocyed has been
chosen on the basis of corrosion resistance and the type of fabrication
rermissible.

Decontamination of =stainless steel 1s achieved by empirically devel-
oped procedures which involve no distincticn between the several types
of 300-series steels.

This contemination of stainless steel can be placed in four cetegories:
- {a) alpha conteminants on internmal surfaces, (b) alphe conteminants on ex-
ternal surfaces, {(c) beta end/or gemme conteminants on intermal surfaces,
{d): beta and/or gemma conteminants on external surfaces. The procedures
vhich may be employed for decontaminating stainless steels falling into
the above categories ere described in the Redox Technical Manual, Chapter
XXI1I, EW-18700.

D. OTHER MATERIALS OF CONSTRUCTION

l. Iron and Carbon Steel

Iron and carbon steel have been employed for machine and structural
elsments (e.g., electric motors, jumper breces) which ere not normally
wetted by process solutiéns. As instslled, these elements are protected
by a chemically resistent coeting, Amercoat 23, 33, or 55. Experience
with decontaminetion of unprotected iron or steel has been generally un-
favoreble. The Redox Technical Manual, Chapter IXIII, HW-13700, discusses
the problems involved in decontaminating unprotected iron and carbon steel.
Complete removal of the contaminated plece, if possible, appears to be the
most practicel solution to the pr-blenm.

2. Concrete

Concrete, in the ebsence of a protective surface coeting, retains
contaminants. Chemical or physico-chemical remgents have not been effec-
tive in removing either chemically fixed or physically adsorbed radio-
activity. The Uranium Recovery Plant has been designed and constructed
on the basia that concrete surfaces will alweys be protected by a chemi-

esigtant coating (Amercocast 23 or 33 in the cells and pits in which
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only agueous process solutions occur and Amercoat 55 in the cells which
may be exposed to solvent solutions). In the event of contaminstion
which penetrates through to the concrete bese materiel, only two courses
appear practical: (a) physical removel of the contaminated surface, or

(b) shielding of contaminated concrete surfaces to permit necessary work
in the immediate area of contamination.

3. Other Materials

Decontamination methods for glass, lucite, and wood are discussed in
the Redox Technical Menual, Chapter XXIIT, EW-18700.

E. FPROTECTIVE COATINGS

The surfaces embraced by this classification are second in impor-
tance only to the stainless steels, since the other principel materials
of construction for radicactive zones (concrete, irom, and mild steel)
do not generelly lend themselves to decontamination by treatment with
chemicals. Therefore, to permit decontamination of these essential
materials of construction, they must be protected with a surface £ilm.

1. Requirements and Components of & Protective Coeting

The Redox Technicel Manual, Chapter XXIII, HW-18700, contains a
description of the general requirements and the components of a protective
coating.

2. Decontaminants

Since the protective films are the only barrier to essentially perma-
nent contamination of the base meterials , it is importent to use a decon-
taminant which will inflict the minimum damege to the coating. Highly
reactive materials such as nitric acid, chromic acid, or caustic soda
should be used only as a lest resort. The following egents, listed in

. order of preférence, have been found to be effective in removing beta and
gamma contemination from coated surfaces. The effectiveness of the de
contaminants in removing alpha contemination is not known .

Agent Composition
(a) Versene % Versene, 1% Triton, pE 8-9.
{b) Acidic solution 0.3 M citric acid, 0.1% Aercsol 0.T.,
- 0.5 ¥ HC1,
{c) HNeutral solution 2.5% trisodium citrate, 0.2% Aerosol
0.T., pH 7.0%0.1. '
(d) Weter | L e

(e) Detergent solutions DECLASS,F’ED -
| -—
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(£) KMnOy-NaHSO3. This requires direct menusl epplication of a 1 to
2 per cent EMnOy sclution for a five.minute pericd followed by

scrubbing with e 10 per cent solution of NeHSOg and, finally,
wiping or washing with watar.

Teble XXIII-1l shows the comperative effectivensss of the first four
recomnended decontaminating agents in removing a contamineting solution
prepared by dissolving en 0.R.N.L. slug "coocled" 3 years,

3. Urenium Recovery Plant Protective Coatings

The vrotective coetings employed in the Uranium Recovery Plant for
application on steel and concrete surfaces are Amercoat No. 23 and 55, and,
to a lesser extent, Amercoat No. 33, The Amercoasts are manufactured by
the Amercoet Division of the American Pipe and Conatruction Compeny.

Amercoat No. 23 is a three-component vinyl chloride hase reain coat-
ing, consisting of a prime, body, end seal coat. Applicetion over existing
Awercoet No, 23 will be accomplished by applying one prime coat, two body
coats, and two seal coets, except where the existing coating requires

- patching. In this case it ie essential to build up ell broken areas with
" the original mmber of coats. Amercoat No. 23 is not resistant to the

process solvent (tributyl phosphete in & hydrocerbon diluent) and is speci-
fied for use in non-solvent areas omly.

Amercoat No. 33 is a single-component finish applied with e minimum

"of three costs. The base resin is polyvinyl chloride. The finish has

sssentially the same chemical and abrasion resistance as Amercoat No. 23
but is not suitable for prolonged immersion in squeous solutions., Amercoat
No. 33 is used only in those areas which are subject to wetting only by
splashing or which are accessible to operating personnel for immediate
flushing.

Amercoat No. 55 is & three-component finish consisting of prime,
body, end seal coats. The base resin is polyvinyl chloride. The coating
is formulated so that it has better resistance to concentrated (60%) nitric
egcid than either Amercoat No. 23 or No. 33.. In eddition Amercoat No. 55
possesses: resistance to the process solvent (hydrocarbor and tributyl
phosphate) and is employed to coat concrete end mild steel in the zones
subjected to solvent wetting.

L. Polyethylene and Strippebls Coatings

Although polyethylene (sheet or flome sprayed) and strippable coatings
will not be employed in the Uranium Recovery Plant, the advantages of these
coatings render their use desirable in certain applications. The coatings
are lgiacuased in detail in the Redox Technicel Manual, Chapter XXIII,
EW-18700.
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Skin decontaminaetion is especially important because of the danger
of the entrance of contaminents into the body, either orally or through

skin bresks.

The ecase of skin decontemination veries coneiderably among indivi-
duals and is largely dependent on the originel condition of the skin. In
all cases where g rough outer layer of skin ig bresent, decontamination
ig more difficult until this outer layer is removed and the skin surface

is polighed.

Methods for skin decontamimation are discussed in the Redox Technical
Manual, Chepter XXIII, BW-18700. .

ot G. CILOTHING
W

553 In those arees within the seperation plant where there is a hazard
f:—’*;? of personnel contaminaetion with radicactive materials s 8411 persons

g entering are required to wear coverslls s 8hoe covers or overshoes s C8pS,
— and gloves as a protsction ageinst contamination of skin ang street

o ¢lothing. In addition to these items, towels, socks, undergarments, and

shoes are furnished whers required. Ilaundering and monitoring of the
plant issue items are discussed in detail in the Redox Technical Manual,

Chepter XXIIT, HW-18700.
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CHAPTER XXTV, HAZARDS OTHER THAN RADIATION

A. FLAMMABILITY AND EXPLOSIVENESS

The extensive use of an orgenic solvent in the TBP Plant introduces
a potential hazord due to the flammability ef the solvent. Safeguards
egainat the possibility of a fire or explosion have been an importent
J consideration in process and plent design. Cereful selectlon of a
golvent end proper design of equipment heve resulted in e plant which
may be operated safely.

The solvent (RAX) is & solution of tributyl phosphete (TBP) in &
hydrocarbon diluent of the kerosene class. While both components are
oombustible, their relatively low volatilities and high flash points
egsentially preclude the possibility of fire or explosion under the
conditions of their use. Por instance. explosive mixtures of diluent
vapor and eir are not formed unless the diluent is heated well above
pormal cell temperstures; for TBP an even higher temperature is neces-
sary. Those portions of the process which involve sclvent are operated
at low temperstures and are locoted in cells where no solutions aore be-
ing heated. Vapors liberated by the solvent are contained within process
vessels or discherged to the outsids atmosphere by the ventilation
system.

The natﬁre and extent of the fire aud explosion hazard, os well as
the plant design fentures znd operating practices to eliminate the
hazard, are discussed in this chapter.

1. P_hysical Propertice of Solvent (RAX)

1.1 Definitions

The relative hazard of a flammable liguid may be predicted from a
knowledge of values for certain of its physical properties. The signif-
icant physiczl properties ocre defined below.

Flash point is the loweet temperature at which sufficient vapors
are given off by a liguid to form flsmmeble vapor-air mixtures
cepable of ignition by an open flame. Whereas other properties
are factors in determining flammobility of liquids, flash point
is the principal indication of the hazard. Flesh point deter-
minations may be made in either closed-cup or open-cup apperatus.
The resulte from the latter sre affected by conditions of the
room atmosphere and are usually severel degrees higher than
closed-cup flash points.

lower explosive limit (L.E.L. )is the lowest percentoge, by volume,
of flarmabls: vopor in sir in which flame propogation can occur,

. Upper explosive limit(U.E.L.)is the highest percentage, by volume,
ble vepor in air in which flame propagniion ean occur,
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Vapor-olr mixtures outside the lower or upper explosive
limits, respectively, are said to be too lean or too rich to
support combustion. Floshes of flame will eppear, but the flame
will not propogete at aon explosive rate. :

Ignition tempersture is the lowest temperoture st which a flom-
meble gos or vepor ignites spontonecusly without the application
of visible meons of ignition,

Fire point is the lowest tempernture at which a ligquid will give
off vapor sufficient for burning continuoualy when once ignited.

1.2 IBP
Tributyl phosphate, abbreviated TBP, 1s a colorless, odorless,

orgenic liquid having o viscosity of 3.3 centipoises ot room tempera-
cture; and a flash point eimilar to glycerine. It is used commerciolly

ag a plasticizer for lacquers. The properties of TBP relative to its

flemmnbility are as follows:
Vopor pressure (25°C.) -~ approximately 0.002 nm.Bg (12)
(1009C.) -- approximately 0.25 rm.Hg
Flosh point (closed-cup) -- 295°F, (12)

Due to the high flash point of TBP, no fire or explosion hezord arises
from its use.

1.3 Diluent ond solvent (RAX)

The diluent for TBP is a hydrocarbon llquid whose appecronce and
physical properties are those of a highly refined kerosene. Any one of
several commercially produced solventa, possessing similar chemical
and physical properties, mey be used., A complete discussion of proper-
ties of typical diluents is included in Chapter IV.

In the refining of hydrocarbons of this type, low-boiling fractious,
aroratic compounds, and unssturated aliphatic compounds are removed.
Deodorizing is accompllshed by chemical treatment to remove sulfur

compounds , 1

The properties of diluents relative to Ilamebility are shown be-
low. Except for fire points and flash points, volues of these properties
for specific diluents have not been published. In such cnses values
shown are for kerosene; however, they may be regerded as approximately
correct for typical diluents.

Vepor pressure (25°C.) -- approximntely 1 mn. Hg (9)
(100°C.) -- epproximetely 30 1. Hg

Lower explosive linit -- 1.16% by volume

Upper explosive limit -- 6.0% by(¥?lume (1) e g

Igniticn temperature -- kLgooy,
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Flagh Point, ©F.

Diluent " Closed-Cup(ll) Open-Cup(13) Fire Point,(13) oF.
Shell Spray | . |

Base 150 180 185 -
Decbase 162 185 ' 195
Standard 01l
Begse 011 C . 143 165 165

The addition of TBP to diluent lowers the diluent vapor pressure in
properticn to the amount of TBP cdded. Vepor pressure lowering results
in an increamse in fire point and flash points. This effect is illustroted
by 2 comparison of the dato below(13) with those given abcve.

Solvent Open-Cup Flash Point, °F.. Fire Point, °F,
Shell Spray |
Base + 12.5% TBF 155 (Closed-Cup) 195
Deocbase + 12.5% TBP 200 200

Standard 011 Base
0il C + 12.5% TBP 185 185

As moy be seen from the flash point deta, explosive vepor-air mixtures
are not formed unless the diluent (or solvent) 1s heated well above pormel
cell amblent temperaturss.

2. Location end Extent cf Solvent Hondling Hezord

The sclvent handling facilities hove been designed to minimize, in-
sofar as possibdle, the hozards involved in the use of a flommable liquid.
Those operctions within, the building which involve the use of solvent
heve been confined to five sections. The following vessels are used:

Name of Vessel Vesgel Nucber

RA Columms BT 17-8 and ET 19-8
RC Colunns BT 17-2 and ET 19-2
RCW Receive;'s TK 17-1 and TK 19-1
RO Colunmns ET 1B-2 ond ET 20-2
ROO Receivers TK 18-1 and TK 20-1
RAX Feed Tonke . TK 18-6 and TK 20-6

Organic Sunp Holdup Tank TK 5-1

= ~ DECLASSIFIED -
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Normally, the RAX Feed Tanks, TK 18-6 and TX 20-6, coutain the
bulk of the solvent. .Thase teanks, having a working volume of 12,000
gal. each, are operated nearly full. The RCW Receivers, TK 17-1 and
TK 19-1, of 1700 gal. capacity, and the ROO Receivers, TK 18-1 and TK
20-1, of 4500 gal. capacity each, "floet" on the line. The normal hold-
up volume in these tanks is approximately 20 per cent of the working
volume. The remainder of the solvent is contained in columms and lines.
Solvent which is collected in the Deep Cell, TK 5-6, may be recovered
in the Crgenic Sump Holdup Tank, TK 5-1. : _

T

The fire and explosion hazard 1s not serious in these areas due to
the high flash point and low voletility of the diluent. Flapmable vapor-
air mixtures are not produced unless the solvent is heated well above

- normal cell ambient temperatures. Heating of gsolvent tanks is not re-
quired in any portion of the process. Since tanks are closed to the cell

atmosphere, vapors. are confined, to a great extent, within the solvent

© ‘tanks..

Solvent moke-up and treatment facilities are provided in the 276-U
~ Aree, Just ocutside the 221-U Building at Section 20. The following
tanks are located in this orea: ‘ ' .

Tenk Volume,  Normol Tank

Name of Tonk. Tank Number © o Gal. Inventory, Gal.
‘Diluent Storage Tank TK 380 S 25,000 20,000-25,000
TEF Storage Tank K 361 5,600 5,600 -
RAX Blend Tank TK 382 16,000 o=
Orgenic Treatment Tank TK 386 - 16,000. . - O%-
Organic Recsiver ~TK 387 16,000 o*

- Organic Trectment ' - :

Sampler Tank TK 388 - o 2,400 o%

. %) These tonks are used os required to reprocess off-standerd
- solvent or to meke up fresh solvent. '

Diluent is received in tank-car quantitiee and is pumped to the -
Diluent Storege Tank, TE 380, where it is held for RAX moke-up.
Crganic trestment, adjustments of TBP-diluent. ratio, cnd similar opern-
tions are also performed in the 276-U Area. Heeting of solvent ‘is not
- contemplated; therefore, the Formation of explosive mixtures {s avoided,
All tanks in, this area are vented to the atmosphere . -

Since the 276-U Aren 1s an out-of-door installetion, dilution of
solvent vapors by the atmosphere provides an additicnal feetor of
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3. Flant Precautions

3.1 Electrical equipment

The Nationel Electrical Code(10) has been followed in the installation
of electrical equipment for the TBP process. Under this code, Class I
locations are those locations in which flammeble vapors are, or moy be,
present in sufficient gquantities to form ignitable mixtures. Bosed on the
nethod of handling, two divisione of Closs I locations are established.
Class I, Diviaion 1, includea those locations where hazardous concentrations
of flamnoble vapors exist continuously or frequently due to normnl operct-
ing conditions or due toc fregquent malntenance and repatr. Closs I,
Division 2, includes those locations in which flammable liguids are nor-
mally processed in closed systems, the location beconing hazardous only
through equipment failure or abnormal operation. The TBP process is in-
cluded in Class I, Division 2, since an abnormsl operating condltion, 1.e.,
heating of the solvent, ils necessary to produce explosive concentratione of
solvent vapor. .

BExplogion-1roof equipment is specified by the Naetiomal Electrical Code
for oll Class I, Division 1, locations. In Class. I, Division 2; locotions,
rigid conduit, flexible metal conduit, and ordinary electrical fittings and
devices may be used. Bowever, sperk-producing devices such as switches,
fuses, relays, and sliding notor contncts muet be of an explosion-proof type
or enclosed in am explosion-proof cosa., Since the 221-U Building is a Class
I, Division 2, location, electrical inatallations ere in iccordance with
that portion of the code.

3.2 YVenting and ventilation

Orgenic hendling vesssls ore vented either directly or through another
vessel to the vessel vent header. A vacuum of 10 inches of water is main-
alned on thé vessel vent header by a blower, which discharges™iwto the
ventilation tummel. A slight negative pressure with respect £o the cell is
naintained in the vessels through the vessel vent header. Therefore, the
tendency is for air to flow from the cell into the vessel, rather than for
vessel vapors to excape into the cell., Normelly, solvent vapors which are
liberated within the vessel are continuously removed through the vessel vemt
header.

If solvent wvapors should escape into the cells they will tend to
collect at low points, since they ore heavier thon air. In this event the
vapors are diluted with air and discharged to the atmosphere by the canyon
ventilation system. Ailr, entering at the crane level, flows through the
canyon into the cells. Vapors arnd air are exhousted from the cells through
stoinless steel hecders locoted necr the floor. These headers are conneoct-
ad through terra-cotta ducts to the ventilotion tunnel ond the 291-U Build-
ing. The ventilation system is Cescribed in nmore detail in Chapter XIII,

Inert-gns blahketing of process vessels is not necessary in the 221-U
Building, due to the low volatility ond high flash point of the sclvent used.
At normel opernoting temperatures the oxygen-diluent vapor ratic 1s well be-

lower explosive linmit. Sclvent vapors are further diluted by vent-
‘.!!!!llﬁinnd instrunent ailr.
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4. Chemical Stebility of Solvent DECL ASS’F’ED

- Iaboratory tests at various A.E.C. sites have demonstrated the high
degree of stebility of the TBP-hydrocarbon diluent mixture in the Iresence
of chemicals {including HNO3 of all concentrations) used in the TBP
process. In fact, this inertness toward ENO3 plus the higher flash point
of the TBP solvent represent the primery safety advantages of the TBP-
- - hydrocarbon. solvent over hexcne, which is used iR the Redox process.

o b . :
oA bR e
b b it R A A M Pl 2d ot Riaiac i s T ey ™ nww_ ,
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. However, becauee of the kmown reactivity of ENO3 with olefins to
form potentizlly hezardous dinitro-olefins (and to a lesser sxtent with
arcmatic hydrocarbons), the hydrocarbon diluent used in the TEP Process
should be essentlally free of olefims and aromstics. To reclude the
possibility of such nitrating reactions in the TBP Plant, diluent
specifications conservatively permit a2 meximum olefin plus aromatic con-

o) centration of only 2 per cent. Although the moximum safe olefin con-

fjﬁ:j ‘ centration in the TBP solvent has not been demonstrated experimentally,

C diluent meeting the sbove specification (2 per cent olefins plus arcmatics)
£y is known to he well on the safe side.

o -

& B. . PHYSIOLOGICAL. EFFECTS OF PROCESS CEEMICALS

.. K review of the Thysialogical effects of process chemicals is presemt-.
- ed to assist supervision in recognizing and minimizing the potential : _
health hazard: in the TBF Flent. Maximum alloweble concentretions (M.ACL)
are given for gaseous substences and those substances which may be present
28 mist or duet. The meximum allowable concentration is defined ss the '

amount of a material to which the average worker mey be exposed for 8
hours daily without significant harmful effects. '

" The chemicals end elements hendled in the TRE process which moy .
~Present e health hazard are TBP, hydrocarbon diluent, nitric acld, oxides
of nitrogen, sodium hydroxide, urentum, plutonium, and fission preducts.

i me((rngt Reese) |

: TEP is. a. coIorI_esnodor I less, organ:lc liquid which resembles wafer in
yo appeerance. It hoe been used recently as a plasticizer for lacquers. Due
~to 1ita low volatility, vapoes are seldom present. : '

|1 Telerence concentrations

i

Sooo Tl nn Lt e v . S ' :
No limite: are specified in the literature for elther external ex-

+

1.2 Bxtont of Mamrd Lr . o .

R I T
A e P A

FEOTLAE o U e BT L o owl e
2T Drume of TBP are receiwvsd in carload lots at the 271-U whloading dock.
The drums are emptied by a portable pump into the TBP Storage Tank, TK .
38%. " The remainder of the TBP handling 1is dome with permanently inatelled

yumps and piping. Eaptying of TEF drums involves a possibility of TBP
contact with the ekin.. The haaard;- is elsc mesent during sempling solu-

taining’ TRE - V
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1.3 Precautions

Equipment hondling TBP wee Gesigned in accordonce with nmormal chemical
plant practice.

1.4 Physiological effects

- No toxic effects due to TBP hove been reperted. However, the chemical
hos been used commercially only for o relatively short period. It is ex~
pected that TBER, like most orgonic solvents, will dissolve the oils of the
skin, cousing cracking snd:-irritotiom.

2. Diluent

Hydrocarbon diluent used in the TBP process is 2 highly refined
kerosene. The appearance and physical properties are very similzr to
those of commercial gredes of kerosene. Diluent vapors, being heavier
than air, tend to accumulate at low points.

2.1 Tolerance concentrations

No velue for maximum sallowable concentration for diluent or kerosene
ig gquoted in the literature. Values for gesoline range from 200 p.p.m
to 1000 p.p.m.; depending on the type of gasoline and the authority. (3)(3)
Since the irritant effects ore generally more pronocunced for higher boil-

- ing hydrocarbons, a maximum allowoble concentration on the order of 500

P.p.m. appears te be justified. This 1z the figure quoted for Stoddard
Solvent, a hydrocarbon distillate similer to the diluent used.(3)

2.2 Extent of hazard

Normally, the diluent inventory consists of 14,000 to 25,000
galions in the cenyon process vessels and up to 25,000 gallons in
storage in the 276-U Solvent Handling Area. The possibllity of contact
of diluent with ths skin during sampling operations or because of leaks
or spills is probably the most likely potenticl hezard to be encountered
in handling the diluent. Alsgo, hazardous vapor concentrations are oon-
ceivable if lerge volumes of diluent were to be releassed to an operating
area in some mammer, such as by rupture of piping or process equipment.

2.3 Precautions

Equipnent hendling diluent wae designed in accordence with normel
chemical plant practice. In the 221-U Bullding, the ventileticn systen
maintains diluent wvapor concentrations ot the canyon deck level well
telow the hazardous concentration, as previously discussed in this

" chapter (under A3.2). The 276-U Solvent Hondling Aren is an open ares

without walls or roof. Thus, any hazardous vapors present are allowed
to eBcape to the surrounding utmnsphere where they are diluted to

DECLASSIFIED
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T Physiological effects

- Diluent: is physiologically classed as an irritent. Inhalation of .
the vapor ceauses irritetion of the mucous membrone of the eyes and nose.
- Wetering of the eyes and coughing, with expectoration, are evidences of
: ini.ernal mitation. ;

. In com:mn wd.th. othar organic solventa, diluent has tha property of
dissolving the oils of the skin, causing dryness, cracking of the skin,

- and irritetion. Also, under unusual conditions s diluent may be an
anesthetic hazerd. The eorly symptoms are impoirment of mental and
physicel facilities and dizziness. The probebllity of cumulative effecta
is slight where the vapor concentrations are not sufficient to. cause
dizziness.

It should be borne in mind thnt an etmosphere in which the solvent

. vepor concentration 1s below ths explosive limit 1s not necessarily safe
for breathing. The lower explosive limit for diluent (L.16%) corresponds
to 11,600 p.p.m. (Cf. M.A.C. of 50Q p.p.m.) If the syaptoms. of dizziness
o} :eritation to the eyes and nose are experienced, the affected mnn
should get fresh air imed.ia‘bely ‘

3. Nitric Acid

Nitric acid. ia 8 corrosive mineral acid which 1s widely used in the
chemical industry. Contact with the skin produces severe burns. There-
fore. the proper types of protective gloves, clothing and goggles must
_ be worn when handling this material.

‘3.1 Tolerance concentrationa :

_ No Iimits are speciﬂed. in the literature for externsl surface ex~

posure, but about I0 ml. (three fluid drems) of concentrated® nitric ncid
taken mtemlly 1s. ccnnidered a fatal dose.(2)

3.2 Extant of hnznrd

. Defly p.-ocess conmmption of 60% nitric acid is 18,890 gellons, based

co on.lG tons per day uranium recovered. The bulk of this acid is used in
- o slurry acidificetion and RAS preperation. Nitric ascid used for organic
o treatment and decontaminetion. is met included. The greatest contact

- hazords are ezperienced in c’.econtamimtion and in sampling solutions con-
e tednding. ni‘t:cic acid. ,
! - i‘g-.f L3 3 [

3.37 ' Prééautions

S Rs indicated abmre, tha proper types or protective gloves, clothing,
and goggles rust be.worn when handling nitric aeid. Standard; chemical
plant design mractice was followed in installation of the nitric acid
hendling tacilities.i Safety shcmers or hose bibe are p:rovid.ed at

ot g cified by the reference.
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) 'brategic locations in operating areas to p:rovid.e for rapid irrigation in
cages of serious surface exposurs.

3.k ggsiol_ogical effacts

Indicetion of the mognitude of the contact hazard of nitric acid is
given by tests which showed thot TO% ENO3 produces definite skin burns
in 5 to 15 seconds. Burns of first, second, and third degres may result

. from nitric acid contact. Immediate irrigation of nitric acid splashea

with water will greatly minimize its effect om the skin.

In case of ingestion, the patient should e given milk of mgnesin,
up to 8 fluid ounces, and quantities of water or milk, followed with egg
vhites and milk. Emetice and carbometes should be avoided.

k., Oxides of Nitrogen

- Oxides of nitrogen are formed when nitric acid is spilled on organig
or reducing moterials such as sawdust or iron filings. These oxides,
knowm geuerally as "nitroua fumes", consist of a mirture of NO, NO2, and

N2O,.
L 1 TQlerance concentrations

' The effects of nitrous fumes over a wide concentretion range are
listed below:(5)(

Cocentration, as NO2,

in Parts per Million Physiological Respomse

200 to T00 Repidly fatal for short
exposures. (1/2 hr. or less at
T00 p.p.m.)

100 to 150 Dangerous for even a short
period. (1/2 to 1 hr.)

100 Least anmount causing
coughing.

'60 Least amount causing irmedinte

throat lrritation.

10 Moximum concentration (MAC)
for continuocus exposure according
to Massachusetts state law,
recognized by most outhorities.

L.2 ¥Extent of hazard

. Under normal cperating conditions nitrous fumes are not libernted in
the TBF process. Nitric acid contact with orgonic meaterials or metals, due
to spills or improper decontaminntion procedures, represents the most seri~

DECLASSFED e
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ous hazerd i‘:.wolving fumes of nitric acid.

4.3 Preccutlons

Since exposure to nitrous fumes can result - only from accidents or
operating errors, plant perscmnel must be responsible for the prevention
of such incidenta. Should nitrous fumes be inadvertently libernted in
the plant, the affected area should be clegred of personnel until the

" funes have been removed by the ventilation system. If it is necessary
‘for on individucl to enter an sres where nitrous fures ore present, he
should be equipped with a sultabls air mask and protective clothing.

The presence of cxides of nitrogen may be datected by odor and,
to a certain extenmt, by color.(8) A characteristic odor is distinct ot
concentrations of less thon 5 p.p.n. in air. In well-lighted oreas,
100 p.p.m. or nmore cf nitrogen. dioxide (NO2): in air exhibits ¢ visible,
reddish-browa tint. It should be noted, however, that other oxides of
nitrogen (NQ and NpOL) are practically colorless and thet the relative.
preportions cf the different molecular forms are tempernture dependent.
Thus, cn atmosphere colored by oxides of nitrogen iz probebly dangerous,
Jbut the absence of color does. not necesserily indicate safety. _

" The concentration of oxides of nitrogen in oir can be determined .
Irecisely over the. mng? of 5. to 500 p.p.zm. by volume using the phencl-
' disulfonic acid method.(l} ~— o e

B _mgiolog"cal effects

, 'Inhn_lptibp.-lfof nitrous fumes in concentrations above 60 p.p.m. at
first couses a2 painful burning and choking sensation. Exposure to con-
centrations greeter than 120 p.p.n. may couse irmediate loss of con-
sclousness. In either cose, the aftereffects of the exposure con be very
sericus, leading to pulmonary edems (swelling of the lung tissue due to
effusion of a.wetery liquil into the cellular tissue) developing several.

- - hours: ofter exposure. . The. greatest danger from nitrous fumes is from
- exposure to concentrations less thon 60 p.p.a. Concentrations in this
- range do not couse. any irmmediate discomfort, but con result in. a delayed
et (¥ T . - - -
.. - Complete rest. is very importont after inhalation of nitrous fures.
. Zhe individual should be removed, or reriove himself ;, from the nitrous
' ~Tunes as soon as possidble. It 1s most important thot the exposed individ-
.. uak does not exert hinmself, and that he lie down to rest while weiting

o formnspomtionwtothe bospital. He should be kept warm. S

r

Scﬂmhwﬁroxide ig 8 Mml widely used in industry. | Proper
v protectve: aquipnent,. such as gloves,; clothing, and goggles shoull}. be
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5.1 Tolerance concentrations

No linmits are-specifiéd in the litersature for external exposure, but
about 2 groms 530 groins) of NaOH token internally moy be sufficient to
cause death.i2

5.2 Extent of hazard

Baged on uranium recbvery of 10 tons per day, the daily process:
consumption of 50% NaOH is 7660 ganllons {97,400 1b.). This entire
cmount 1g required for neutralizetion of the combined process wastes.

5.3 Precautlions

Bquipment handling sodium hydroxide solutions has been designed in
accordance with normal chemigal plant practice. As indicated above, the
Proper protective clothing should be vorn by operating personnel.

5.4+ FPhysiological effects

Sodiun hydroxide is & dapgerous alkalil to hondle, as either the dry
chemical or its solutions quickly attack the flesh ond eyes. Severe burns,
dehydration of skin tissue, deep seated, slowly healing ulcers, and loss
of fingernails mey result from chemical recction with sodium hydroxide.
There appears to be an inactive period between the time of contact with
caustic and the appearance of the actusl burn. No time should be lost in
wvashing the pert with water, sincs the innctive period probably does not
exceed a few minutes. The skin should be washed with 2% acetic acid,
followed by water, to neutralize the residusl caustic. If the caustic
is splashed in the eyes, they should be wnshed with 5% boric acid solu-
tion.

92123940655

Sodium hydroxide, when dispersed as z dust or mist of concentraoted
solutions; is intensly irritating to the upper respiratory organs.
Ulceration of the nasal passages may result from long or severe exposure
to such compounds. Swallowing caustic sclutions is considered deadly.
If sodium hydroxide has been swallowed, the patient should be given 2%
acetic acld, up to 6 fluid ounces, followed by egg whites and milk., The
patient should be kept quiet and warm.

6. Urenium, Plutonium, and Redioactive Fission Products

Uranium, plutoniun, and radicactive fission products represent a
serious henlth hnzard. The principel physiological effects of these
substances are due to their radicactivity. The hazards involved in
their handling are discussed in Chapter XXT.

7. Other Process Chenicals

The other process chemicals, sulfexic acid, ferrcus amnonium sul-
fate, sodiun sulfate, and caledium carbonete, are nct hazardcus enough
led discussion. Reasonable care should be exercised,
ing them to avoid skin contact and insure thet ingestion
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